Background and Purpose-Cerebral ischemic events are highly prevalent and associated with high rates of death and disability in patients with infective endocarditis (IE). However, the role of thrombolysis in these patients remains unclear. We sought to determine the rates and outcomes of acute ischemic stroke patients with IE treated with intravenous thrombolysis (IVT). Methods-We determined the rates of post-thrombolytic intracerebral hemorrhage and favorable outcome among acute ischemic stroke patients with IE treated with IVT. Patients were identified using Nationwide Inpatient Sample data from 2002 to 2010. We compared the rates of various outcomes with ischemic stroke patients without IE treated with IVT. Results-There were 222 patients (mean age 59±18 years; 46% women) who were treated with IVT for acute ischemic stroke associated with IE and 134 048 patients (mean age 69±15 years; 49% women) who were treated for stroke without IE. 
C erebral ischemic events are highly prevalent in patients with infective endocarditis (IE) and associated with high rates of death and disability, ranging up to 73%. [1] [2] [3] [4] [5] Patients with acute ischemic stroke (AIS) are treated with intravenous thrombolysis (IVT) within 4.5 hours of symptom onset as recommended by American Heart Association/American Stroke Association guidelines. 6 However, previous trials, including the National Institutes of Neurological Disorders and Stroke thrombolysis study and the Prolyse in Acute Cerebral Thromboembolism II trial, have excluded patients presenting with AIS associated with IE. 1, 4, 7 The issue is further complicated by the fact that the diagnosis of IE may not be evident at the time of the acute ischemic event. Case reports of patients treated with IVT in the setting of AIS caused by IE have shown mixed results. 2, 7, 8 We sought to determine the rates and outcomes of AIS patients with IE treated with IVT using nationally representative data.
Methods
We used data files from the Nationwide Inpatient Sample from 2002 to 2010. We used the International Classification of Disease, Ninth Revision, Clinical Modification for ischemic stroke, IE, and the use of thrombolysis to identify patients. Outcomes were defined as rates of post-thrombolytic intracerebral hemorrhage (ICH) and favorable outcome (discharge disposition of home/self-care). Univariate and multivariate analyses were performed to determine the effect of IE on rates of post-thrombolytic ICH and favorable outcome among survivors. For the complete methodology of our study, refer to the Methods in the online-only Data Supplement.
Results
There were 222 patients (mean age 59±18 years; 46% women) who were treated with IVT for AIS secondary to IE and 134 048 patients (mean age 69±15 years; 49% women) who were treated for AIS without IE (Table) . The rate of post-thrombolytic ICH was significantly higher in patients with IE compared with non-IE AIS patients (20% versus 6.5%; P=0.006). There was a significantly lower rate of favorable outcome in the IE group (10% versus 37%; P=0.01) when compared with the non-IE AIS treated group. The length of hospital stay was significantly longer among thrombolytic-treated patients with IE (P=0.006) and the mean hospital charges were significantly higher (P=0.01). Refer to our Results in the online-only Data Supplement for further analysis.
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Discussion
Anderson et al 9 noted in their study that 35% of stroke patients with IE died during their acute admission, and a total of 52% died within 1 year. With this high rate of mortality among patients with AIS associated with IE, it is important to determine whether current performance of thrombolysis for AIS is beneficial within this unique group of patients. Current American Heart Association/American Stroke Association guidelines do not exclude eligible AIS patients with IE from receiving IVT.
The use of thrombolytics is controversial because of high rates of spontaneous hemorrhagic transformations of infarctions among patients with IE. 3, 4, 8 The high rate is partly attributed to concurrent existence of mycotic aneurysms with subsequent rupture. Other potential pathogeneses include the presence of pyogenic arteritis, microabscesses, immune complex-mediated arteritis, and infiltration of meningeal vasculature. 2 We found that the rates of post-thrombolytic ICH were significantly higher and the rates of favorable outcomes were significantly lower within the IE group when compared with the non-IE group. Recent case reports have shown variable rates of favorable and unfavorable outcomes associated with IVT use in patients with AIS associated with IE. 2, 7, 8 Our study had a relatively large number of patients with IE and, therefore, was devoid of biases introduced by patient referral patterns and socioeconomic factors within catchment areas seen in single center studies. The precision of estimates may be higher in our study for post-thrombolytic ICH and favorable outcomes. In the absence of a randomized comparison between thrombolytic and nonthrombolytic treatment among AIS patients with IE, thrombolytic treatment cannot be prohibited in this group of patients. The results do support a cautious approach with careful risk-benefit analysis on a case-by-case basis. The results also emphasize the need for early diagnosis of IE in AIS patients given the prognostic significance among thrombolytic-treated patients. In patients with concurrent fever and leukocytosis, documentation of endocardial involvement by auscultation and emergent echocardiography may identify such patients in the acute setting when results of blood cultures may not be available.
We recognize that our study has certain limitations. Inaccuracies with coding can affect patient identification and result in underestimation of proportion of patients in the groups created for comparison. International Classification of Disease, Ninth Revision, Clinical Modification codes for ischemic stroke (when listed as primary diagnosis) and thrombolysis have high specificity but moderate sensitivity and, thus, underestimate the prevalence. 10 The procedure code 99.10 does not differentiate between various thrombolytic agents and approaches, and it is possible that some patients may not be treated with IV alteplase. Furthermore, we cannot comment on the appropriateness of use and protocol violations. Although the accuracy of International Classification of Disease, Ninth Revision, Clinical Modification code for IE is unknown, a relatively high-positive predictive value is expected because the codes are necessary for reimbursement of posthospitalization IV antibiotic treatment. However, the criteria used for diagnosis may be varied between institutions. We are also unable to determine the severity of neurological deficits, baseline functioning of patients, and underlying location (lacunar versus nonlacunar) and cannot exclude the possibility that IE patients had more severe deficits and preexisting disability. We were able to ascertain presence of ICH using International Classification of Disease, Ninth Revision, Clinical Modification codes, but were unable to categorize ICH based on severity. Although a formal outcome scale was not used, the use of discharge home as an outcome has a negative predictive value of 95% for modified Rankin scale scores ≥2 at 3 months. 11 Our data were derived from several institutions, including rural, urban teaching, and urban nonteaching hospitals. Institutional characteristics, such as availability of dedicated neuro-critical care and stroke services, can lead to differences in patient outcomes and our results may be underrepresenting the care and outcomes at comprehensive stroke centers. The difference in length of stay must be interpreted with caution because of several posthospitalization factors, such as need for postdischarge IV antibiotic treatment and bed availability at destination. 
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The high rate of ICH and low rates of favorable outcome mandate caution in using IVT in AIS patients associated with IE. Endovascular treatment may be evaluated in future studies because of lower thrombolytic doses and concurrent angiographic assessment of medium-sized intracranial arteries.
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Supplement Methods:
The Nationwide Inpatient Sample (NIS) is the largest all-payer database in the United States and derives the data from 20% of non-federal hospitals. By using appropriate sampling weights, national estimates can be derived. The database contains information on patients' demographic and clinical characteristics, in-hospital procedures, hospital characteristics, and discharge outcomes. A summary of the NIS can be found at http://www.hcup-us.ahrq.gov.
We used the International Classification of Disease, 9 th Revision, Clinical Modification (ICD-9-CM) primary diagnosis codes 433-437.1 to identify patients admitted with ischemic stroke. We identified patients who received IV thrombolysis using ICD-9-CM procedure code 99.10. Subsequently, patients with IE were identified using ICD-9-CM secondary diagnosis code 421. Study variables analyzed were patient's age, gender, race/ethnicity, and co-morbidities including diabetes mellitus, hypertension, atrial fibrillation, heart failure, and end-stage renal disease. Outcomes were defined as rates of post-thrombolytic intracerebral hemorrhage (ICH, ICD-9-CM code 430-432) and favorable outcome (discharge disposition of home/self-care).
We performed chi-square test for categorical and t-test for continuous variables to identify differences in demographic and clinical characteristics and outcome variables of thrombolytic treated patients with or without IE. We compared the rates of various outcomes with ischemic stroke patients (without IE) treated with IV thrombolysis. Multivariate analyses were performed to determine the effect of IE on rates of post-thrombolytic ICH and favorable outcome among survivors. Potential confounders included variables that were identified as significant in univariate analysis. All analyses were performed using SAS 9.1 software (SAS Institute, Cary, NC).
Supplemental Results:
The IE group was significantly younger than the non-IE group (59±18 years versus 69±15 years, p=0.02) but had lower proportion of patients with atrial fibrillation (15% versus 31%, p=0.03). Baseline and clinical characteristics can be found in Supplemental Table I . In the multivariate analysis, higher rates of post-thrombolytic ICH and lower rates of favorable outcomes were seen in AIS thrombolytic treated patients associated with IE after adjusting for age and atrial fibrillation (Supplemental Table II) .
Trends by year for intravenous (IV) thrombolytic use and incidence of postthrombolytic ICH among those with or without IE can be found in Supplemental Table III . We found that there was a significantly higher rate of post-thrombolytic ICH among those with a diagnosis of IE.
We also examined the potential effect of patients' payer statuses as a confounder for the outcome "discharge home/self-care." For example if a patient was "self pay" as opposed to having insurance and would have benefited from a discharge location other than home, a discharge disposition of home may not mean a favorable outcome. However, there is not a significant difference in payer statuses between the two groups (Supplemental Table IV ). 
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